The activity of locus coeruleus neurones is slow and regular during wakefulness. 3 In contrast, when an animal becomes drowsy, entering slow wave and then REM sleep, there is a decrease in discharge rate such that during REM sleep these neurones are silent. 3 Interestingly, all noradrenergic projections to the cerebrocortex originate from the locus coeruleus. 3 The preoptic area receives input from both the locus coeruleus (A6), and the lateral tegmental group (A1, A2, A5, and A7) noradrenergic neurones. 4 In addition, neurones in the preoptic area project back to the locus coeruleus. 5 This area plays an important role in sleep or hypnosis. What is the role of noradrenergic neurones in this area? Most of the previous studies 6 suggest that norepinephrine neurones in the preoptic area may contribute to wakefulness, as direct activation or injection of norepinephrine into this area inhibits sleep. However, several studies also suggest that some norepinephrine neurones may be involved in the induction of sleep. 7 8 Mohan Kumar and colleagues 7 reported that microinjection of norepinephrine into the medial preoptic area after destruction of the ventral noradrenergic bundle induced sleep. This group also reported that there was a mild reduction in sleep and an increase in wakefulness after destruction of catecholaminergic terminals at the medial preoptic area by bilateral intracerebral injection of 6-hydroxydopamine. 8 Thus, it appears that noradrenergic ®bres in the medial preoptic area may be hypnogenic.
Central noradrenergic neurones are regulated by both aand b-adrenergic receptors. It has been reported that the a 1 -adrenoceptor antagonist prazosin, given orally, increased active waking and slow wave sleep and decreased paradoxical sleep in the rat. 9 In contrast, a 1 -adrenoceptor stimulation with systemic methoxamine, increased aroused wakefulness and decreased slow wave sleep and paradoxical sleep in cats. 10 In addition, prazosin increased but the a 1 -agonist ST 587 decreased the duration of thiopental anaesthesia in rats. 11 Matsumoto and colleagues also reported that direct intracerebroventricular administration of methoxamine dose-dependently reduced pentobarbital anaesthesia time in mice. 12 Most of the central physiological effects of a 2 -agonists can be attributed to a 2 -adrenoceptors present in the locus coeruleus. 13 In rats, microinjection of the a 2 -agonist dexmedetomedine into the locus coeruleus per se produces anaesthesia (de®ned as a loss of righting re¯ex).
14 a 2 -Agonists also reduce anaesthetic requirement in human and many other species. 15 In contrast to these data, the a 2 -antagonist yohimbine decreases sleep, 16 and anaesthesia time 15 in a variety of non-human species.
The Angel group showed that propranolol, a nonselective b-antagonist, dose-dependently increased sleep time 16 and thiopental anaesthesia time 11 in rats. However, they failed to show an effect with the selective b 1 -antagonists metoprolol and atenolol. 11 17 They also studied the role of b 2 -adrenoceptors in sleep and general anaesthesia, 11 16 17 118551 increased sleep time 16 and the duration of thiopental anaesthesia. 17 Collectively, these data indicate that the effects of the non-selective antagonist, propranolol, may be mediated via b 2 -adrenoceptors.
The recently identi®ed (from rat hypothalamus) neuropeptides orexin A and B 18 are endogenous agonists for the G-protein-coupled orexin-1 (OX1) and OX2 receptors. 18 Orexin A has equal af®nity for OX1 and OX2, while orexin B has a higher af®nity for OX2. Orexins and their receptors are widely distributed in the brain. 18 Orexins activate the locus coeruleus noradrenergic system and this activation may increase arousal and locomotor activity. 19 In addition, several reports 20 suggest a link between orexin receptors and narcolepsy. Therefore, modulation of noradrenergic neurones by orexins and their receptors may contribute to control of the sleep±wake cycle. Moreover, we suggest that these neuropeptides and their receptors may also be involved in general anaesthesia, although this remains to be examined.
Based on these considerations, we and others have began a systematic evaluation of a range of anaesthetic agents on central norepinephrine release using in vivo microdialysis techniques. Mizuno and colleagues reported that intraperitoneal pentobarbital inhibited norepinephrine release from the medial preoptic area in rats. 4 In addition, we have shown that systemic administration of midazolam and propofol signi®cantly reduced norepinephrine release from the medial prefrontal cortex, 21 but pentobarbital was ineffective. 22 As noradrenergic neurones in the prefrontal cortex receive innervation from the locus coeruleus, 3 the activity of noradrenergic neurones in the prefrontal cortex indirectly re¯ects locus coeruleus activity. Thus, anaesthetics that activate or enhance GABA A receptors may reduce noradrenergic neuronal activity. In contrast, ketamine, 21 22 nitrous oxide and xenon, 23 which have NMDA receptor antagonistic actions, markedly increased norepinephrine release from the prefrontal cortex and preoptic area in rats. Clearly, anaesthetic modulation of norepinephrine release depends on the type of anaesthetic. This might argue against noradrenergic transmission as an anaesthetic target. However, as we have already mentioned, a unitary site is highly unlikely. Loss of consciousness results not only from a reduction in cerebral activity, but also as a result of cerebral excitation such as occurs during convulsions. In addition, sleepiness is induced by not only hypothermia but also by increased body temperature that activates heatsensitive neurones in the preoptic area. 24 We feel that wakefulness may occur over a set range and that when this range is exceeded (above or below), unconsciousness may occur. In support of this hypothesis we found that physostigmine, which has been reported to antagonize ketamine anaesthesia, reduced both the duration of ketamine anaesthesia and ketamine-increased norepinephrine release from the rat prefrontal cortex. 25 Collectively, the data presented in this editorial provide compelling evidence in favour of a role for noradrenergic transmission in both the control of wakefulness and the production of the`mysterious' anaesthetic state.
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